In the first day of life, infants respond specifically to the crude configuration of a human face. New research finds that this visual sensitivity is present even in the weeks before birth.
What sensory and cognitive equipment do newborn infants bring into their new world? It is one of the oldest and most enduring problems in the quest to understand the roots of human nature. Many researchers have assessed infants' abilities in the first days after birth, but it is hard to know just what effect even a few hours of visual input may have on the development of the brain. A study by Reid et al. [1] , reported recently in Current Biology, breaks new ground by testing babies who can be assured to have no patterned visual experience, because they are still in the warm darkness of the womb.
It is well established that the fetus can show active sensory responses in utero, notably to auditory stimuli. In particular, the mother's speech sounds reach the womb and, as well as eliciting immediate responses, lead to long-term learning [2] . There is also some evidence of neural responses to light [3] both in utero and in prematurely born infants. But until now there has not been any evidence that the fetus can show visually stimulated behaviour.
Two aspects of visual behaviour are quite well established in the hours after birth: infants will turn their head and eyes to orient to a prominent stimulus [4] ; and they will prefer to look at and follow a face-like pattern over a pattern which lacks key geometrical features of a face [5, 6] . There has been extensive debate on exactly what these key features are, but a triangular, point-down configuration of high-contrast features (two eyes plus mouth) appears to be highly effective in driving newborns' attention. There can be a rather fruitless debate on whether this constitutes a face-specific bias, or reflects an intrinsic preference for some non-specific structural properties of the visual stimulus [7] . Either way, infants' tendency to fixate such configurations, and their very frequent visual exposure to faces in the first months [8] , is generally presumed to provide the basis for acquiring specialised visual faceprocessing mechanisms [9] . These give young infants the ability to make many fine facial discriminations, and a recent neuroimaging study [10] shows that, at least by four months of age, the cortical areas that underlie these abilities are becoming established.
Every proudly expectant parent knows that babies move around in the womb. Reid et al.'s [1] study provides the first evidence that the bias for orienting to a face-like pattern is present before human beings can have any experience of a patterned visual input. Their work depends on two innovations. First, they exploited advances in ultrasound imaging, which make it possible to view, in real time, a dynamic image of the threedimensional position of the behaving fetus. Second, they used powerful light emitting diodes (LEDs) arranged on the mother's abdomen to create a triangular pattern of light that could penetrate tissue and reach the eyes of the fetus. This pattern was presented with the apex either 'up' or 'down' with respect to the orientation of the fetus in utero (which was usually head-down or 'cephalic presentation' at 34 weeks gestation, the age tested). As the LED array was moved across the mother's skin from a straight ahead to a lateral position, the head movements of the fetus were assessed by an observer who was blinded as to which stimulus was being presented. The study found a statistically highly significant effect, that the fetus' movements tended to follow the movement of the apex-down target. No similar effect was found for the apex-up target. This is a similar result to that from newborn infants, who follow this face-like configuration to a greater degree than the inverted version [5] , and it supports the idea that this response does not require visual experience to develop.
The most demanding aspect of this study is knowing what stimulus is actually delivered to the fetus' eyes. Elsewhere, Reid and colleagues [3] argue that the light intensity passing through the mother's abdomen may have been inadequate in some earlier studies, and made calculations based on the optical transmission of body tissues to check that their sources would generate plausibly detectable light levels within the uterus. The issue, however, is not only how much light reaches the fetus, but rather how far it preserves the pattern of the source configuration. The body tissues will scatter light as well as attenuating it [11] . Reid et al. [1] have examined scattering properties also, but there are many uncertainties in the calculation, such as the effect of any gap between the pattern of light projected on the inner wall of the uterus, and the fetus's eyelids, not to mention the unknown image-forming properties of the fetus's eyes.
Given these problems, Reid et al.'s [1] illustration of the resulting image (Figure 1 ) must be at best schematic. These concerns can be answered by the argument that, as the fetus showed differential behaviour, the upright and inverted images must have been optically distinctive. This is true, but if this method is to be taken further in defining the visual capabilities of the unborn child, it will be important to define with more certainty just what pattern of light is arriving at the retina.
What do these capabilities tell us about the pattern-processing abilities of the prenatal nervous system? There is a wide range of evidence that visual processing in the cerebral cortex is at best rudimentary at birth, but comes to dominate subcortical function over the first months of life [12] . This has led to the idea that the newborn's responses to faces are based on a subcortical system, which controls orienting and so delivers to the cortex the information on which the later, face-specific, cortical system is built [9] . There is, however, no good evidence as to what subcortical structures might show even the crude stimulus specificity required. Reid et al. [1] mention the superior colliculus, which is certainly involved in visual orienting behaviour, but the possible responsiveness of the superior colliculus to face-like patterns is not known. Adult patients whose primary visual cortex has been lost through stroke can show responses to facial emotions in the amygdala [13] , a response which is believed to depend on transmission through the pulvinar nucleus of the thalamus, possibly originating in the colliculus. But nothing is yet known about the development of this pathway, nor about its function in neonates.
Reid et al.'s [1] work has pushed back the frontier of the earliest stage at which the development of human visual responses can be studied. It will be a challenge to flesh out securely our knowledge of human vision in utero, but this challenge will surely be confronted by developmental scientists. Understanding of the neural basis for these responses will depend on the equal challenge of functional neuroimaging in very young, awake infants -a goal towards which [1] illustration of (A) the face-like array of LEDs presented on the mother's abdomen, and (B) a schematic depiction of its appearance to the fetus in the womb. The degree of blur simulated in B depends on parameters of light transmission from the mother's skin to the fetus' retina which are hard to quantify precisely. The LEDs were 15 mm apart -they were estimated to be about 30 mm from the fetus' eyes, which would give similar dimensions to the features of a face being viewed at about 15-20 cm -similar to the presentation in the newborn experiment of [5] .
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At the onset of puberty, ovarian hormones increase inhibitory tone in the prefrontal cortex. Inhibitory maturation is a hallmark of the initiation of developmental windows of neural plasticity; pubertal hormones may trigger the opening of an adolescent critical period for experience-dependent rewiring of circuits underlying executive function.
The inner workings of the teen-age brain have baffled parents for centuries, but it is only in the past few decades that they've fascinated neuroscientists. The advent of magnetic resonance imaging (MRI) in the late 20th century provided a risk-free method for longitudinal imaging of the human brain. This technological advance resulted in a multitude of studies revealing surprising features of adolescent brain development. First, cortical volume initially increases in late childhood, and then steadily declines during adolescence [1, 2] . The waxing and waning of cortical thickness reflects an early period of synaptic elaboration, followed by a period of experience-dependent synaptic pruning [3, 4] . Second, different areas of cortex mature at different ages: primary sensory cortex matures earlier than association cortex [1] . Finally, maturation of prefrontal association cortex continues into the mid-20s, well beyond the age of legally defined adulthood [1, 5] . As a result of these new insights, popular explanations of teen-age risk-taking and ill-considered decisions are more likely to blame a haywire brain instead of the raging pubertal hormones invoked 50 years ago. A new study by Piekarski, Boivin, and Wilbrecht [6] reported in a recent issue of Current Biology marries raging hormones with the haywire prefrontal cortex, and raises the tantalizing idea that puberty itself opens a window of sensitivity for experience-dependent prefrontal plasticity.
We've long known that the brain is a target organ for gonadal steroid hormones throughout life. Hormonal influences are categorized as either activational or organizational. Activational effects refer to the ability of hormones to regulate gene expression or activity of target cells in the moment to facilitate sextypical physiological processes or behavior. They come and go with fluctuations in circulating hormone levels that occur either naturally (e.g., during annual breeding seasons) or experimentally (e.g., remove-andreplace). In contrast, organizational effects occur during sensitive periods of development, and are more of a hit and run: a brief exposure to hormone permanently sets developmental
